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(54) Method of manufacturing amorphus silicon based thin film photoelectric conversion device 



(57) At least one of a p typo semiconductor layer 
(111), an i type amorphous silicon-based photoelectric 
conversion layer (112), and an n type semiconductor 
layer (113) thit compose an amorphous silicon-based 
thin film photoelectric conversion device is deposited 
under the following conditions. Silane-type gas as a 
main component of raw material gas which is supplied 
into a reaction chamber and dilution gas containing hy- 
drogen are used, the flow rate of the dilution gas is four 
or less times that of the silane-type gae, the partial pres- 
sure of the silane-type gas in the plasma CVD reaction 
chamber ranges from 1 .2 Torr to 5.0 Torr, and the dis- 
tance between a surface of a substrate mounted on an 
anode electrode and a surface of a cathode electrode 
ranges from 8 mm to 15 mm. Accordingly, a method of 
manufacturing an amorphous silicon-based thin film 
photoelectric conversion device having a superior per- 
formance is obtained with an improved efficiency in the 
use of raw matte rial gas as well as an enhanced depo- 
sition rate to achieve improvements in cost and efficien- 
cy in production. Even if the dilution gas is not used, the 
advantages a|>ove can be achieved under the same 
conditions as those described above except for the con- 
dition concerning dilution gas. 
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Description 

BACKQROUNb OF THE INVENTION 
Field erf the Invention 

[0001] The present invention relates to a method of 
manufacturing an amorphous silicon-based thin film 
photoelectric conversion device, and particularly to a 
method of manufacturing thereof to achieve an excellent 
performance as an amorphous sHicon-based thin film 
photoelectric conversion device together with Improve- 
ments in production cost and efficiency. 

Description of the Background Art 

[0002] An amorphous silicon based solar cell is a typ- 
ical thin film photoelectric conversion device. An amor- 
phous photoelectric conversion material is usually pre- 
pared by a plasma CVD method at a film-forming tem- 
perature as low as about 200*C t so that it can be formed 
on an inexpensive substrate, e.g., of glass, stainless 
steel, organic film, and thus expected as a preferable 
material for low-cost photoelectric conversion devices. 
Furthermore, since amorphous silicon has a large ab- 
sorption coefficient tor the visible-light range, a solar cell 
using an amorphous photoelectric conversion layer of a 
thickness at most 500 nm has achieved a short-circuit 
current at least 15 mA/cm 2 . 

[0003] A p type semiconductor layer, an i type amor- 
phous photoelectric conversion layer, and an n type 
semiconductor layer that compose the amorphous sili- 
con-based solar cell are usually produced by plasma 
CVD respectively and the pressure in a conventional 
plasma CVD reaction chamber is 1 Torr or less 
[0004] U.S. Patent No. 5,646,050, for example, dis 
closes a method of manufacturing an amorphous sili- 
con-based solar cell under a relatively high pressure 
condition. According to this document, an amorphous 
silicon layer inlhe amorphous silicon-based solar cell is 
fabricated on conditions that the pressure is greater than 
1.0 Torr and at most 10 Torr, and the dilution ratio of 
dilution gas to taw material gas ranges from 5: 1 to 200: 1 . 
[0005] If the pressure is 1 Torr or less, the deposition 
rate decreases. 

[0006] According to the conditions 1or depositing the 
amorphous silicon layer disclosed in U.S. Patent No 
5,646,050, thei amount of the dilution gas relative to the 
raw material gas Is excessive In other words, the 
amount of the raw material gas relative to the dilution 
gas Is too smeill. As a result, the amount of the raw ma- 
terial gas supplied into the plasma CVD reaction cham- 
ber is insufficient, leading to degradation of the film dep- 
osition rate. 

SUMMARY OF THE INVENTION 

[0007] The present invention is made tc colvs the 



problems above. One object of the present invention is 
to provide a method of manufacturing an amorphous sil- 
icon-based thin film photoelectric conversion device 
having an excellent performance and improve the cost 

s and efficiency in production by enhancing the efficiency 
in the use of raw material gas (ratio of the reacted gas 
to the total gas which is supplied into the reaction cham- 
ber) and increasing the film deposition rate. 
[0008] According to a method of manufacturing an 

10 amorphous silicon-based thin film photoelectric conver- 
sion device in one aspect of the invention, the amor- 
phous silicon-based thin film photoelectric conversion 
device having a stacked structure composed of a p type 
semiconductor layer, an t type amorphous silicon-based 

15 photoelectric conversion layer, and an n type semicon- 
ductor layer is fabricated by plasma CVD. The method 
is characterized In that at least one layer ol the p type 
semiconductor layer, the i type amorphous silicon- 
based photoelectric conversion layer, and the n type 

20 semiconductor layer Is formed on conditions that sllane- 
type gas as a main component of raw material gas which 
is supplied into a plasma CVD reaction chamber as well 
as dilution gas containing hydrogen are used, the flow 
rate of the dilution gas Is four or less times that of the 
silane-type gas, the partial pressure of the silane-type 
gas in the plasma CVD reaction chamber ranges from 
1 2 Torr to 5.0 Ton, and the distance between a surface 
of a substrate mounted on one electrode and a surface 
of the other electrode opposed to the one electrode 

30 (hereinafter referred to simply as •distance between 
electrodes') ranges from 8 mm to 15 mm. 
[0009] According to the method of manufacturing an 
amorphous silicon-based thin film photoelectric conver- 
sion device in the one aspect of the invention, the con- 

35 drtions of the dilution, pressure, and distance between 
electrodes are defined to be within predetermined rang- 
es such that plasma can efficiently be confined between 
the electrodes. Accordingly, the film deposition rate is 
enhanced and the efficiency in the use of the raw mate- 

40 rial gas such as silane-type gas is improved to reduce 
the manufacturing cost of the amorphous silicon-based 
thin film photoelectric conversion device. Further, a re- 
sultant performance is similar to that of the photoelectric 
conversion device (e.g. solar cell) fabricated by the con- 

45 ventional method, and degradation of the photoelectiic 
conversion property due to exposure to the light over a 
long period, i.e. the rate of light degradation can be re- 
duced 

[0010] The condition that the flow rate of the dilution 
so gas is four or less times that ol the silane-type gas is 
defined in order to prevent reduction in amount of the 
raw material gas within the reaction chamber and thus 
prevent decrease in film deposition rate as observed In 
the conventional method if the flow rate is more than 
ss four times. 

[0011] The condition that the partial pressure of the 
silane-type gas ranges from 1.2 Torr to 5.0 Torr Is de- 
fined to avoid an insufficient amount of the raw mate rial 
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gas within the reaction chamber leading to decrease in 
deposition rate as observed if the partial pressure is less 
than 1 .2 Torr, and prevent generation of a large amount 
of powder-tike products and dust within the reaction 
chamber as observed If the partial pressure exceeds 5.0 
Torr. 

[0012] The condition that the distance between elec- 
trodes ranges from 8 mm to 15 mm is defined to avoid 
difficulty in plasma discharging and in implementing a 
constant distance between the electrodes over the elec- 
trode surfaces and thus prevent nonuniform deposition 
over the surfaces as observed If the distance is less than 
8 mm. If the distance exceeds 15 mm, discharging can- 
not be maintained 

[0013] According to a method of manufacturing an 
amorphous silicon-based thin film photoelectric conver- 
sion device in Another aspect of the invention, the amor- 
phous j*ilirnn-h«ftAd thin film photoelectric conversion 
device having a stacked structure composed of a p type 
semiconductor layer, an i type amorphous silicon-based 
photoelectric conversion layer, and an n type semicon- 
ductor layer is fabricated by plasma CVD. The method 
is characterized In that at least one layer of the p type 
semiconductor layer, the i type amorphous silicon- 
based photoelectric conversion layer, and the n type 
semiconductor layer is fabricated on conditions that si- 
lane-type gas as a main component of raw material gas 
which is supplied into a plasma CVD reaction chamber 
is used without using dilution gas, the partial pressure 
of the silane-type gas in the plasma CVD reaction cham- 
ber ranges frdm 1 .2 Torr to 5.0 Torr. and the distance 
between a surface of a substrate mounted on one elec- 
trode and a surface of the other electrode opposed to 
the one electrode ranges from 8 mm to 15 mm. 
[0014] According to the method of manufacturing an 
amorphous silicon-based thin film photoelectric conver- 
sion device In the another aspect of the invention, plas- 
ma can efficiently be confined between the electrodes 
since the conditions of the dilution, pressure, and dis- 
tance between electrodes are defined to be within pre- 
determined ranges as the one aspect of the invention 
discussed above. Consequently, the production cost of 
the amorphous silicon -based thin film photoelectric con- 
version device can be reduced since the film deposition 
rate is improved and the efficiency in the use of the raw 
material gas such as silane-type gas is enhanced. In ad- 
dition, a resultant performance is almost similar to that 
of the photoelectric conversion device produced by the 
conventional method and the rate of light degradation 
can be reduced. 

[0016] Enhancement of the film deposition rate is pos- 
sible since the dilution gas is not used and a large 
amount of the raw material gas can be supplied into the 
reaction chamber. 

[0016] The partial pressure of the silane-type gas and 
the distance between electrodes are defined for the 
same reason as described In the one aspect of the in- 
vention. 



[0017] In the one and another aspects of the inven- 
tion, the flow rate of the silane-type gas per a unit area 
of the electrode surface is preferably equal to or less 
than 0.05 sccnrVcm 2 . 

s [0018] Accordingly, generation of powder-tike prod- 
ucts and dust in the reaction chamber can be prevented 
[0019] In the one and another aspects of the inven- 
tion, the film deposition rate of the layer formed under 
the conditions above Is preferably 1 2 nm/min or more. 

io [0020] As a result, the film deposition rate can be im- 
proved. 

[0021] In the one and another aspects of the inven- 
tion, the one electrode is an anode electrode which is 
heated during deposition, and the other electrode is a 
is cathode electrode. 

[0022] Deposition is thus appropriately accomplished 
using plasma. 

[0023] The foregoing snd other objects, features, as- 
pects and advantages of the present invention will be- 
20 come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0024] Fig. 1 is a schematic cross sectional view illus- 
trating an amorphous silicon-based thin film photoelec- 
tric conversion device fabricated by a method in one em- 
bodiment of the Invention. 

30 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] An embodiment of the present invention is 
36 hereinafter described in conjunction with the drawing. 
[0026] Referring to Fig. 1 , on a transparent substrate 
1 made of glass, for example, a transparent conducting 
film 2 is deposited. Transparent conducting film 2 is 
made of Sn0 2 , for example. Instead, transparent con- 
40 ducting film 2 may be made of a transparent conductive 
oxide film such as ITO and ZnO. 
[0027] A p type semiconductor layer 111, an I type 
amorphous photoelectric conversion layer 112, and an 
n type semiconductor layer 11 3 are successively formed 
*s on transparent conducting film 2. An amorphous photo- 
electric conversion unit 11 is thus produced. 
[0028] At least one of p type semiconductor layer 111, 
i type amorphous photoelectric conversion layer 112 
and n type semiconductor layer 113 is formed on con- 
so d it ions that silane-type gas as a main component of raw 
material gas which is supplied into a plasma CVD reac- 
tion chamber and dilusion gas containing hydrogen are 
used, the flow rate of the dilution gas is four or less times 
that of the silane-type gas, the partial pressure of the 
s& silane-type gas within the plasma CVD reaction cham- 
ber ranges from 1 .2 Torr to 5.0 Torr, preferably ranges 
from 1.2 Torr to 3.0 Torr, and the distance between a 
surface of a substrate placed to closely attach to a heat 
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ed anode electrode (ground electrode) and a surface of 
an opposed cathode electrode ranges from 8 mm to 1 5 

mm. 

[0029] Preferably, the pressure In the plasma CVD re- 
action chamber ranges from 1 .5 Torr to 5.0 Torr. 
[0030] Ae p type semiconductor layer 111, a p type 
amorphous silicon thin film doped with at least 0 01 
atomic % of bdron which is a conductivity type determin- 
ing Impurity atom may be employed, lor example. How- 
ever, the conditions regarding p type semiconductor lay- 
er 111 are not limitations For example, aluminum may 
be used as impurity atom and a layer of alloy material 
such as amorphous silicon carbide or amorphous silicon 
germanium may be employed. 

[0031] As i type amorphous photoelectric conversion 
layer 1 1 2, a non-doped i type amorphous silicon thin film 
or a silicon-based thin film material of weak p or n type 
containing 2 Slight amount cf impurities and having a 
sufficient photoelectric conversion efficiency may be 
employed. 1 type amorphous photoelectric conversion 
layer 112 Is ndt limited to these materials and a layer of 
alloy material such a6 amorphous silicon carbide or 
amorphous silicon germanium may be used. 
[0032] As n (type semiconductor layer 113, an n type 
amorphous silicon thin film doped with at least 0.01 
atomic % of phosphorus which Is a conductivity type de- 
termining impurity atom may be used, for example. 
However, the conditions regarding n type semiconduc- 
tor layer 113 are not limitations and a layer of alloy ma- 
terial such as amorphous silicon carbide or amorphous 
silicon germanium may be used. 
[0033] Although the conditions of deposition are de- 
scribed above in conjunction with the use of dilution gas, 
si lane -type gas may be used as a main component of 
the raw material gas without using the dilution gas. 
[0034] The film deposition rate under the conditions 
above is preferably at least 12 nrrvmin. 
[0035] The flow rate of the silane-type gas per a unit 
area of the opposed electrode surface (cathode elec- 
trode surface) under the conditions above is preferably 
0.05 sccrrvcm* or less. 

[0036] In this embodiment, the conditions of the dilu- 
tion, pressure, and distance between electrodes are de- 
fined to be within predetermined ranges such that plas- 
ma can efficiently be confined between the electrodes. 
Consequently, the film deposition rate is enhanced and 
the efficiency fri the use of the raw material gas such as 
si lane-type gas is improved to reduce the manufacturing 
cost of the amorphous silicon -based thin film photoelec- 
tric conversion 1 device. Further, a resultant performance 
is similar to that of the photoelectric conversion device 
(e.g. solar cell) fabricated by the conventional method, 
and degradation of the photoelectric conversion proper- 
ty due to exposure to the light over a long period, i.e. 
the rate of light degradation can be reduced. 
[0037] The flow rate of the dilution gas is defined to 
be four or less times that of the silane-type gas In order 
to avoid an insufficient amount of the raw material gas 



within the reaction chamber resulting in decrease in film 
deposition rate as observed in the conventional method 
if the rate Is more than four times. 
[0038] The partial pressure of the silane-type gas is 

5 defined to be at least 1 .2 Torr so as to avoid an insuffi- 
cient amount of the raw material gas within the reaction 
chamber leading to decrease in film deposition rate as 
observed if the partial pressure is less than 1 .2 Torr. The 
partial pressure of the silane-type gas is defined to be 

10 equal to or less than 5.0 Torr so as to prevent generation 
of a large amount of powder-like products and dust with- 
in the reaction chamber if the partial pressure exceeds 
5.0 Torr. 

[0O39] The distance between electrodes is defined to 
is be at least 8 mm in order to avoid difficulty in plasma 
discharging and implement a constant distance be- 
tween the electrodes over the electrode surfaces and 
thus avoid nc^t uniform dufX/biiiun ov»r trie surfaces as 
observed if the distance is less than 8 mm . The distance 
20 Is defined to be equal to or less than 15 mm since dis- 
charging cannot be maintained if the distance exceeds 
15 mm. 

[0040] The result of experiments conducted in this 
embodiment is now described. 

25 

(Experimental Example 1) 

[0041] An amorphous silicon solar cell having the 
structure shown in Fig. 1 was fabricated. Glass was 

30 used as a substrate 1 , and Sn0 2 was used as a trans- 
parent conducting film 2. By plasma CVD, a boron- 
doped p type amorphous silicon carbide (a-SiC) layer 
111 , a n on -doped amorphous silicon photoelectric con- 
version layer 112, and a phosphorus-doped n type 

35 amorphous silicon layer 113 ware deposited to thick- 
nesses of 10 nm, 350 nm, and 20 nm respectively. An 
amorphous silicon photoelectric conversion unit 11 hav- 
ing a p-i-n junction was thus produced. As a backside 
electrode 12, a ZnO film 121 and an Ag film 122 were 

40 deposited to thicknesses of SO nm and 300 nm respec- 
tively by sputtering. 

[0O42] Amorphous silicon photoelectric conversion 
layer 1 1 2 was deposited by diode parallel plate plasma 
enhanced CVD, on conditions that the temperature ol 

4S an underiayer was 200°C, the pressure in the reaction 
chamber was 2.0 Torr, the flow rate of sllane gas per a 
unit electrode area was 0.03 sccm/cm 2 , the flow rate of 
hydrogen gas per unit electrode area was 0,015 seem/ 
cm 2 (the ratio In flow rate between si lane gas and hy- 

50 drogen gas was 2:1, the partial pressure of the silane 
gas was 1 .33 Torr), the discharge power density was 40 
mW/cm 2 , and the film deposition rate was 20 nrrvmin. 
[0043] When light 3 with a quantity of AM 1.5, 100 
mW/cm 2 was made incident onto the amorphous silicon 

ss ©olar coll, the efficiency of photoelectric conversion was 
1 0. 1 % After the light with a quantity of AM 1.5, 100 mW/ 
cm 2 was continuously directed onto the solar cell over 
a long period (550 hours), the stabilized efficiency was 
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8.0%. 

[0044] An amorphous silicon solar cell which was ob- 
tained without using hydrogen gas as dilution gas under 
the same conditions except for this exhibited the photo- 
electric conversion efficiency and the stabilized efficien- 
cy similar to those described above 

(Comparative Example 1) 

[0046] An amorphous silicon solar cell having the 
structure shown in Fig. 1 was similarly fabricated. Those 
conditions of deposition except for the condition regard- 
ing i type photoelectric conversion layer 112 were iden- 
tical to those in Experimental Example 1 
[0046] An amorphous silicon photoelectric conver- 
sion layer 11 2 was deposited by diode parallel plate 
plasma enhanced CVD on conditions that the tempera- 
ture of ?n uoderiayer was 180'C, the pressure in the 
reaction chamber was 0.1 Torr, the flow rate of silane 
gas per a unit electrode area was 0 06 sccm/cm 2 and 
no hydrogen gas was used, the discharge power density 
was 1 5 mW/crh 2 , and the film deposition rate was 6 nm/ 
min. 

[0047] When light 3 with a quantity of AM 1.5, 100 
mW/cm 2 was made incident onto the amorphous silicon 
solar cell, the efficiency of photoelectric conversion was 
10.6%. After the light with a quantity of AM 1 .5, 100 mW/ 
cm 2 was continuously directed onto the solar cell over 
a long period (550 hours), the stabilized efficiency was 
8.0% which is almost equal to that in Experimental Ex- 
ample 1 . 

[0048] Compared with Experimental Example 1 , the 
efficiency in the use of silane gas was remarkably de- 
graded since the flow rate of the silane gas was doubled 
and the deposition time was 3.3 times longer. 
[0049] According to the method of manufacturing an 
amorphous silicon-based thin film photoelectric conver- 
sion device of the invention, the conditions of the dilu- 
tion, pressure, and distance between electrodes are de- 
fined to be within predetermined ranges such that plas- 
ma can efficiently be confined between the electrodes. 
Accordingly, the film deposition rate le enhanced and the 
efficiency in the use of the raw material gas such as si- 
lane-type gas is improved to reduce the manufacturing 
cost of the am6rphous silicon-based thin film photoelec- 
tric conversiorl device. Further, a resultant performance 
is similar to that of the photoelectric conversion device 
(eg solar cell) fabricated by the conventional method, 
and degradation of the photoelectric conversion proper- 
ty due to exposure to the light over a long period, i.e. 
the rate of light degradation can be reduced. 
[0050] The Condition that the flow rate of the dilution 
gas is four or less times that of the silane-type gas is 
defined in order to prevent reduction In amount of the 
raw material cjas within the reaction chamber and thus 
prevent decrease in the film deposition rate as observed 
in the conventional method if the flow rate is more than 
four times. 



[0061] The condition that the partial pressure of the 
silane-type gas ranges from 12 Torr to 5 0 Torr is de- 
fined to avoid an insufficient amount of the raw material 
gas within the reaction chamber leading to decrease in 
5 deposition rate as observed if the partial pressure i6 less 
than 1 2 Torr, and prevent generation of a large amount 
of powder-like products and dust within the reaction 
chamber as observed if the partial pressure exceeds 5.0 
Torr. 

w [0052] The condition that the distance between elec- 
trodes ranges from 8 mm to 1 5 mm is defined to avoid 
difficulty In plasma discharging and in implementing a 
constant distance between the electrodes over the elec- 
trode surfaces and thus prevent nonuniform deposition 

'5 over the surfaces as observed if the distance Is less than 
8 mm. If the distance exceeds 15 mm, discharging can- 
not be maintained. 

[0053] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
20 that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 

[0064] The units "seem" referred to In this document 
25 are an abbreviation of "standard cubic centimetres per 
minute", and refer to a gas flow rate corresponding to a 
standard flow rate (at 0°C and 1 atm). 



so Claims 

1, A method of manufacturing an amorphous silicon- 
based thin film photoelectric conversion device hav- 
ing a stacked structure composed of a p type sem- 
35 (conductor layer (111), an i type amorphous silicon- 
based photoelectric conversion layer (112), and an 
n type semiconductor layer (113) by plasma CVD, 
wherein 

at least one layer of said p type semiconductor 
40 layer (111), said i type amorphous silicon-based 
photoelectric conversion layer (112), and said n 
type semiconductor layer (11 3) is formed on condi- 
tions that silane-type gas as a main component of 
raw material gas which is supplied into a plasma 
45 CVD reaction chamber and dilution gas containing 
hydrogen are used, flow rate of the dilution gas is 
at most four times that of said silane-type gas, par- 
tial pressure of the silane-type gas in said plasma 
CVD reaction chamber ranges from 1 .2 Torr to 5.0 
50 Torr, and the distance between a surface ol a sub- 
strate mounted on one electrode and a surface of 
the other electrode opposed to said one electrode 
ranges from 8 mm to 1 5 mm. 

55 2. The method of manufacturing an amorphous sili- 
con-based thin film photoelactric conversion device 
according to claim 1 , wherein 

the flow rate ol said silane-type gas per a unit 
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area of the surface of said electrode ie at most 0.05 
sccm/cm? 

3. The method of manufacturing an amorphous sili- 
con-based thin film photoelectric conversion device s 
according; to claim 1, wherein 

film deposition rate of said layer formed under 
said conditions is at least 12 nm/min. 

4. The method of manufacturing an amorphous sili- 10 
con-based thin film photoelectric conversion device 
according! to claim 1, wherein 

said one electrode is an anode electrode 
which is Heated during deposition and said other 
electrode is a cathode electrode 15 

6. A method of manufacturing an amorphous sllicon- 
based thin film photoolflntrifs conversion device hav- 
ing a stacked structure composed of a p type sem- 
iconductor layer (1 1 1 ), an i type amorphous silicon- 20 
based photoelectric conversion layer (112), and an 
n type semiconductor layer (113) by plasma CVD, 
wherein 

at least one layer of said p type semiconductor 
layer (111). said i type amorphous silicon-based 25 
photoelectric conversion layer (112), and said n 
type semiconductor layer (113) is formed on condi- 
tions that si lane-type gas as a main component of 
raw material gas which is supplied into a plasma 
CVD reaction chamber is used without using dilu- 30 
tton gas, partial pressure of the eilane-type gas in 
said plasma CVD reaction chamber ranges from 1 .2 
Torr to 5.0 Torr, and the distance between a surface 
ol a substrate mounted on one electrode and a sur- 
face of the other electrode opposed to said one 36 
electrode ranges from 8 mm to 1 5 mm. 

6. The method of manufacturing an amorphous sili- 
con-based thin film photoelectric conversion device 
according to claim 5, wherein to 

the flow rate of said silane-type gas per a unit 
area of the suriace ol said electrode is at most 0.05 
eccrrvcm* 

7. The method of manufacturing an amorphous sili- ts 
con-based thin film photoelectric conversion device 
according to claim 5, wherein 

film deposition rate of said layer formed under 
said eoncfttions is at least 12 nm/min. 

so 

8. The method of manufacturing an amorphous sili- 
con-based thin film photoelectric conversion device 
according to claim 5, wherein 

said one electrode is an anode electrode 
which is heated during deposition and said other &s 
electrode is a cathode electrode. 
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